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© Controlled cryogenic contact system. 

© An apparatus for creating controlled temperature 
.changes on a contact surface, comprises: a) a probe 
having a contact surface, which probe is suitable for 
creating fast temperature changes at the said con- 
tact surface; b) temperature generation means, 
coupled to the said probe, being capable of creating 
cryogenic and above 0*C temperatures at the said 
contact surface of the said probe; and c) processing 
means to control the said temperature generation 
means according to predetermined operating con- 
ditions. 
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the invention; since processes and devices em- 
ploying a one-pass heating or cooling, without uti- 
lizing an exchange of heat via an appropriate heat- 
exchanger, will not provide sufficiently low or suffi- 
ciently high temperatures, and will result in a tern- 5 
perature change which is excessively slow. 

Heat exchangers can be of any type, and may 
be. e.g., a finned tube heat-exchanger of a porous- 
matrix heat-exchanger, e.g., of the type described 
in British Patent No. 1,422.445. The device de- 10 
scribed in this British patent provides only for the 
cryocooling of the probe, the purpose being to 
maintain the temperature of the probe below 
-80 * C, thus avoiding altogether the need for heat- 
ing the probe. It should be mentioned that, accord- 15 
ing to the teachings of this patent, heating was 
necessary, when operating at temperatures above 
-80 # C, for the purpose to prevent the probe from 
sticking to the tissue. However, when operating 
according to IL 104506. with fast cooling-heating 20 
cycles, the heat exchanger can be utilized also for 
heating purposes. 

The first gas is preferably selected from the 
group consisting essentially of argon, nitrogen, air. 
krypton, CF 4 , xenon and N 2 0. and the second gas 25 
is helium. 

Cryogenic liquefaction occurs at the tip of the 
cold extremity of the device operating according to 
IL 104506. under the cooled metal surface. The 
Linde-Hampson method is applied, using the Joule- 30 
Thomson effect for cooldown to liquefaction. 

IL 104506 also describes an apparatus for the 
cryocooling and the heating of surfaces, compris- 
ing: 

1) a heat exchanger coupled to an orifice, the 35 
said orifice opening into a jacket; 

2) a jacket which is in contact with the surface to 
be heated and cooled, the said jacket forming a 
reservoir capable of housing a fluid in contact 

with the surface to be heated and cooled; aq 

3) two pressurized gas sources, each gas 
source being independently connected to the 
said heat exchanger; 

4) means for allowing and stopping the flow of 
each gas through the said orifice. 45 

The method of IL 104506 makes it possible to 
obtain a high frequency of temperature change. 
Thus, for instance, one may which, for a given 
application, to oscillate between temperatures of 
-50 -C and + 100 *C only. 50 

SUMMARY OF THE INVENTION 

It has now been found, and this is an object of 
the present invention, that it is highly advantageous 55 
to be able to control the operation of the heat- 
ing/cooling device the temperature of which 
changes rapidly, for a variety of uses and applica- 



tions. 

It is an object of the present invention to pro- 
vide an apparatus which permits to control the 
temperature obtained on the contact surface of a 
probe in which heating and cooling is achieved by 
the Joule-Thomson effect obtained through the ex- 
pansion of gases. 

It is another object of the invention to provide 
an apparatus which can be easily operated by 
unskilled operators while providing highly precise 
and controlled temperatures. 

It is still another object of the invention to 
provide an apparatus which can be pre-pro- 
grammed to create desired temperature changes 
with time in an appropriate probe. 

It is still a further object of the invention to 
provide a relatively inexpensive, easy to use and 
convenient to operate apparatus of the type de- 
scribed above. Other objects of the invention will 
become apparent as the description proceeds. 

The apparatus for creating controlled tempera- 
ture changes on a contact surface, according to the 
invention, comprises: 

a) a probe having a contact surface, which 
probe is suitable for creating fast temperature 
changes at the said contact surface; 

b) temperature generation means, coupled to 
the said probe, being capable of creating cryo- 
genic and above 0«C temperatures at the said 
contact surface of the said probe; and 

c) processing means to control the said tem- 
perature generation means according to pre- 
determined operating conditions. 

The temperature generation means can be of 
any suitable type, including but not limited to gas 
expansion, electric means, and their combinations. 
According to a preferred embodiment of the inven- 
tion the apparatus comprises: 

a) a probe comprising: 

1) heat exchanging means coupled to an 
orifice, the said orifice opening into a jacket; 

2) a jacket which is in contact with the sur- 
face to be heated and cooled, the said jacket 
forming a reservoir capable of housing a fluid 
in contact with the surface to be heated and 
cooled; 

3) two independent connections for pressur- 
ized gas sources, connected to the said heat 
exchanger; 

b) two independent pressurized gas sources, 
connected to the said probe through the said 
two independent connections; 

c) controllable gas flow valves to permit or pre- 
clude the, flow of each of the gases from the 
said independent pressurized gas sources into 
the said probe; 

d) processing means to control the said control- 
lable gas flow rate valves according to predeter- 
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in the experiment described in Example 2. 

Detailed Description of Preferred Embodi- 
ments 

Fig. 1 illustrates a device according to a pre- 
ferred embodiment of the invention. This device is 
designed to be movable and self-supporting, and 
does not require connection to outside gas sour- 
ces. It consists of a body 1, provided with wheels 
2. which houses two gas reservoirs (not shown). 
The reservoirs can be replaced through the back- 
door, which is not seen in the figure. An additional 
door 3 gives access to the inside of the body, and 
is used for parts replacement and maintenance, as 
well as for housing spare parts. 

A probe 4 is connected to the gas reservoirs 
and to a microprocessor, as explained above and 
in further detail below, through line 5. All connec- 
tions are within body 1 . A keyboard 6 and a display 
7 are provided on the front panel of the apparatus, 
along with on-off switch 8 control lights 8' and 8", 
which can be used to indicate the operation status 
of the apparatus, e.g., to indicate at any given time 
whether it is cooling or heating. 

Since the electric power requirements of the 
apparatus are relatively very low. the apparatus is 
powered by a DC source, such as a battery, but 
may alternatively be connected to an AC source. 

Fig. 2 shows the probe 4 of Fig. 1 in greater 
detail. The Joule-Thomson heat exchanger 9 
serves contact surface 10, which is heated or cool- 
ed, depending on the nature of the gas flowing 
therethrough. Thermocouple 11 is in close contact 
with the inner part of contact surface 10. and 
detects the temperature at that location. The ther- 
mocouple wire is led to the processing means 
through line 5 and connector 12. leaving the probe 
is exhausted to the atmosphere either through con- 
nections in the probe, or at connector 12. 

The probe is: provided with a main switch 13, 
operating switches 14. 15 and 16, and monitor 
lights 14\ 15* and 16\ These switches operate the 
probe towards cooling or heating, or for preset 
cooling/heating cycles, and the lights indicate the 
operation being performed. Manual operation, or 
microprocessor-controlled operation can be cho- 
sen. 

; Looking now at Fig. 3, a central processing unit 

(CPU) controls the operation of the apparatus, ac- 
cording to predetermined operating conditions pro- 
vided to it. Programming of the operating con- 
ditions can be made through keyboard 6 of Fig. 1 
(indicated by KB in the figure), or through a com- 
munication port CP, connected to a programming 
computer, or through a data reader DR. e.g., a 
*fj magnetic or optical reader. The data can be dis- 

v! played on a display, e.g., a liquid crystal display 
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(LCD), and the keyboard can be used also to read 
data from the CPU and to display them on the 
LCD. The CPU can be provided with a substantial 
memory, so as to store not only operating param- 
5 eters to be controlled, but also data received dur- 
ing the operation, e.g., temperature or pressure 
readings. 

Data contained in' the memory of the CPU can 
be printed out. e.g.. through an RS232 or similar 
to port. 

Line 5 of probe 4 contains two incoming gas 
lines, 17 and 18, as well as an outgoing ther- 
mocouple line 19, the readings of which are fed to 
the CPU. In response, and in order to maintain the 

'5 preprogrammed temperature in the probe contact 
surface, the CPU operates the two controllable 
valves 20 and 21, which control the flow of gas into 
the probe 4. Two pressure gauges. 22 and 23, 
provide pressure readings to the CPU, which relate 

20 to the pressure in reservoirs 24 and 25. 

Example 1 

An apparatus was built according to the em- 

25 bodiment described above. It included E-type ther- 
mocouples, a 18 mm diameter probe, with a length 
of 160 mm. The gases employed where argon (for 
cooling) and helium (for heating). The diameter of 
the contact surface of the probe was 6 mm. 

30 In order to test the controllability of the appara- 

tus, the temperatures range was set around a sin- 
gle temperature at a given time, and three different 
temperatures were tested, these were -140 'C, 
-120'C and -80 *C. Each temperature was main- 

35 tained for 5 minutes, as seen in Fig. 4 which shows 
the thermocouple readings (11 in Fig. 2) for this 
experiment. It can be seen that the apparatus of 
the invention is capable of maintaining a virtually 
constant temperature, by alternating two different 

40 gases with a high frequency. 

Example 2 

The apparatus of Example 1 was used in an 
45 experiment in which it was desired periodically to 
cool a surface to cryogenic temperature (-165 *C) 
and then to above-zero temperature (44 # C). the 
frequency of oscillation between the two extreme 
temperatures being required to be 38 seconds, 
so These data were fed to the CPU. which was 
preprogrammed accordingly. The details of the 
computer program are not given herein for the 
sake of brevity, since providing an appropriate pro- 
gram is withip the scope of the routineer. 
55 The specimen on the surface of which the 

probe was applied was a potato. The resulting 
temperature readings at the contact surface are 
shown in Fig. 5. Additional temperature readings 
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and 

e) controlling the temperature of the contact 
surface of the probe to obfain the said de- 
sired temperature values and/or profiles by 
controlling, by means of the said processing s 
means, the activity of the said negative and 
of the said positive temperatures generating 
means. 

13. A method according to claim 12, comprising: w 

a) providing a probe comprising: 

1) heat exchanging means coupled to an 
orifice, the said orifice opening into a 
jacket; 

2) a jacket which is in contact with the /5 
surface to be heated and cooled, the 

said jacket forming a reservoir capable of 
housing a fluid in contact with the sur- 
face to be heated and cooled; 

3) two independent connections for pres- 20 
surized gas sources, connected to the 

said heat exchanger; 

b) providing two independent pressurized 
gas sources, connected to the said probe 
through the said two independent connec- 25 
tions; 

c) providing controllable gas flow valves to 
permit or preclude the flow of each of the 
gases from the said independent pressur- 
ized gas sources into the said probe; 30 

d) providing processing means and pro- 
gramming them to control the said control- 
lable gas flow rate valves according to pre- 
determined operating conditions. 

35 
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